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1 Introduction 

Individual words are the means by which a sentence 
acquires meaning and yet the meaning of a sentence 
determines the meaning of its constituent words. 
This apparent paradox has been a springboard for 
major research activity into human cognition. A key 
issue in the study of language processing has been 
the stages through which context constrains the 
relevant sense of a word and limits selection 
between multiple active meanings [1]. 

The general area of the present study is the further 
investigation of how the human brain processes 
words and sentences. More specifically, we have 
examined the relative influence of word and 
sentence contexts in the responses to further word 
stimuli. In this way, we have explored the dynamics 
of the semantic systems. The contextual effects were 
determined by measuring N4-like components 
elicited in a reading paradigm. Those components 
have been found to be a reliable marker of deviation 
from an established context. N400 components can 
be elicited in several modalities using a variety of 
experimental designs [2,3,4,5], 

2 Methods 

2.1 Task 

Eleven healthy adults (laboratory and support staff, 
and visitors; 5 women and 4 men; 1 left-handed 
female, 1 left-handed male) were studied. All were 
native speakers of English and had normal or 
corrected-to-normal vision. The subjects gave 
informed consent before the experiment (Helsinki 
Declaration). 

The subjects read single English words presented 
sequentially (200ms display, 700ms onset 
separation) on a screen in black type to form 100 
sentences, each of which ended in a homograph (i.e. 
a word which has two or more semantically 
independent meanings). The sentences were of 
length 7.5 ± 1.7 words. Each sentence was 
constructed to generate a context that was biased to 
a subordinate meaning of the homograph (i.e. a less 
frequent meaning). The homographs were followed 


either immediately (200ms) or after a delay of 
700ms by a probe word in red. This probe word was 
related to either the meaning of the sentence 
(denoted as a subordinate probe word) or to the 
dominant meaning of the homograph (denoted as a 
dominant probe word). Examples are: 

Sentence followed by a subordinate probe word: 

The fisherman sat on the bank. stream 

Sentence followed by a dominant probe word. 

Alice sang in completely the wrong key. lock 

In the first example, the homograph ‘bank’ has the 
subordinate meaning of ‘the edge of a stretch of 
water’ and the dominant meaning of a ‘place that 
handles financial matters’. 

The subjects were instructed to indicate whether or 
not each probe word was related to the meaning of 
the preceding sentence by pressing a key with the 
right index (related) or right middle finger 
(unrelated). The response was made after a 
subsequent visual cue (delay 1.2 seconds) in order to 
limit the influence of motor activity. 

2.2 Data analysis 

All measurements were carried out at the Low 
Temperature Laboratory of the Helsinki University 
of Technology using a Neuromag-122 system, 
which consists of a helmet-shaped array of 61 pairs 
of first order sensors [6], 

The outputs of each pair of detectors are most 
sensitive to the current flow in the region 
immediately below the detectors. The local root- 
mean-square (rms) signal summed over the two 
readings is a measure of the strength of the current. 
The data were sampled at 373Hz (0.03 to 130Hz 
anti-alias filter). Artifacts were controlled for by 
recording the electro-oculogram and the 
electrocardiogram. Movement of the head was 
identified by measuring the head’s position before 
and after each experiment. 

The responses to the probe words were averaged 
separately for each of the four possible conditions; 



Subordinate probe word with short delay 
Subordinate probe word with long delay 
Dominant probe word with short delay 
Dominant probe word with long delay. 


Prior to analysis, the average signals were further 
filtered (0.2Hz to 30Hz) and normalised to the signal 
variance within a baseline interval (0 to 200ms) 
before stimulus arrival. Differences between 
neuronal activation were identified using a time- 
dependent measure P(t) that takes into account the 
data from all sensors. It is defined by 


P(t ) = prob(% 2 ):= prob - 2^ In w,. (7) 1, 


where N=122 denotes the number of channels, and 
prob is the significance level of the quantity in 
brackets [7], w, is the level of significance of a non- 
parametric, paired Wilcoxon test of the pairs of 
evoked responses from the 11 subjects in the /th 
cha nn el. It depends on latency. 

P(t ) identifies latencies where, overall, there are 
significant differences between the responses to two 
stimulus classes of response. For each such latency, 
spatial maps of the w t were calculated in order to 
assess the distribution of significance. 

The Wilcoxon analysis and subsequent visualisation 
was carried out over the 0-700ms latency range. 
However, because our interest is focused on the 
N400 time window, we only report here the results 
associated with latencies greater than 300ms. The 
significance level used was p<0.01. 


onset. These N4-like components are elicited by all 
probe words to varying degrees. In general, signal 
topologies are very complex within the N400 time- 
window but temporal and centro-parietal regions are 
most salient (Fig 1). 



Figure 1: Distribution of rms-signal summed over all 
11 subjects at 400ms after onset of dominant short 
onset probe words. The detectors have been 
projected into 2 dimensions; the top edge 
corresponds approximately to the nasion, the bottom 
to the inion, and left and right to the left and right 
temporal lobes respectively. Strong N4m-like 
activation is seen predominantly over left temporal, 
and centro-parietal regions. (The colour scale is 
red.high and blue .low). 


3 Results 

3.1 Task performance 

All 11 subjects completed the task with negligibly 

few errors (success rate >95%). The two left-handed 
subjects reported no problems using a right-handed 
keypad. Head movement was negligible (<5mm). 

3.2 Overview of evoked fields - all target 

types 

For delayed probe words, primary visual responses 
(at ~100ms latency) and word-evoked responses (at 
~ 150ms) can be identified over occipital areas and 
bilateral inferior occipito-temporal cortical areas 
respectively. Temporal overlap of waveforms 
elicited by the homographs and the immediately 
following probe words does not allow a consistent 
characterisation of early latency fields for short 
onset probe words. 

At longer latency, the strongest responses are at 
peak-latencies around 400 to 500ms after stimulus 


3.3 Significant differences between N4 
components associated with probe words 

The main observations obtained from this study 
concern three periods of significant differences 
between three pairs of responses evoked by probe 
words, as identified by the measure P. These are set 
out below and illustrated in Fig 2.; 

• In the 450ms to 500ms interval, subordinate 
probe words at short stimulus onset evoke 
stronger signals over left anterior temporal areas 
compared with dominant probe words at short 
stimulus onset. 

• In the earlier 380ms to 450ms interval, dominant 
probe words at short stimulus onset delay elicit 
stronger responses over left temporal, anterior- 
temporal/pre-frontal, centro-parietal, and right 
temporal areas compared with dominant probe 
words with the longer delay. 


• In the 390ms to 500ms interval, subordinate 
probe words at short stimulus onset elicit 
stronger responses over right pre-frontal and to 
some extent over right occipito-temporal regions 
compared with subordinate probe words at long 
stimulus onset. 

No statistically significant differences were found 
between the responses to dominant and subordinate 
probe words with long stimulus onset. However, at a 
non-significant level (Wilcoxon), the dominant 
probe words elicit stronger responses than 
subordinate probe words within the N4 interval. 



Figure 2: The spatial distribution of significant 
differences between pairs of evoked responses 
elicited by probe words. Each diagram corresponds 
to an interval of significance identified by measure 
P and shows the cumulative, spatial occurrence of 
significance within that interval (red: high, blue: 
low). Left top: dominant long vs. subordinate long 
with zero occurrences of significant differences in 
the interval analysed. Right top: dominant short vs 
dominant long. Left bottom: subordinate short vs 
dominant short. Right bottom: subordinate short vs. 
subordinate long. 

4 Discussion 

Using a semantic task based on ambiguous words in 
conjunction with a non-parametric statistical 
approach, the current study has yielded some new 
insights into the interaction of sentences and the 
individual words as reflected by N4m-like 
components. 


At short latency (i.e. less than 200ms), no 
differential effects were found when comparing 
dominant with subordinate probes for both short and 
long conditions. This suggests that semantic 
processes are not reflected in evoked responses at 
these latencies, consistent with previous results. 

The absence of significant differences in the 
responses to dominant and subordinate probe words 
at long stimulus onset is striking (Fig 1: top left). If 
N400 evoked components reflect a deviation from 
an established context, the observation implies that, 
under our task conditions and at 700ms delay, the 
sentence and the (ambiguous) word induced context 
carry the same weight. The sentence context, which 
must be retained for the completion of the task, 
might be expected to yield a strong N400 effect for 
dominant probes but this appears to be 
counterbalanced by the conflict between the 
dominant meaning carried by the homograph and the 
subordinate probe word. 

The corresponding comparison for dominant and 
subordinate probe words with short stimulus onset 
(Fig l:bottom left) shows larger activity for the 
latter, but in the latency range 450ms to 500ms. Its 
location (left anterior) is broadly consistent with 
areas implicated in the processing of language. The 
latency and position suggest that it may not be 
signaling deviation from context. It is possible that it 
reflects some form of more complete semantic 
closure for the subordinate words. 

The comparison of the responses to dominant probes 
at short and long stimulus onset (Fig 1: top right) 
indicates higher N400 activation for short onset 
stimuli in two main areas and two subsidiary areas. 
As the N400 activity from the dominant probe 
words is assumed to be an indicator of deviation 
from sentence context, it follows that the delay must 
reduce the influence of the sentence’s contextual 
information. 

Finally, the comparison of the responses to the 
subordinate probes at short and long stimulus delays 
(Fig 1: bottom right) indicates higher N400 
activation for short delay stimuli in two areas. Using 
the same N400 probe arguments, we conclude that 
the word’s contextual influence (i.e. the dominant 
homograph meaning) is also reduced by the delay. 
These decays in both sentence and word semantic 
influences are reflected in the absence of significant 
differences in the comparison of subordinate and 
dominant responses at long probe word delay (Fig2: 
top left). 

This study indicates that the semantic context 
defined by sentences and individual words at the 
ends of those sentences are a function of the time 


delay before the reception of any new word 

stimulus. 
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